The overall survival time response of Suncus murinus, one of the insectivora, under whole body x-irradiation in the dose range of 500 to 50,000 rad was investigated. Three segments of bone marrow, gastrointestinal (GI), and central nervous system (CNS) deaths in the dose survival time response curve were similar to those of other species such as mice , rats, and mongolian gerbils.
INTRODUCTION
Suncus murinus, one of the insectivora, has been recently available as a laboratory animal for the human model in the biomedical field'-')
In respect to the phylogeny of the animal kingdom, the insectivore is located at the base of the mammals, and presumably some of them are thought to have prototypic characteristics of diverse orders of mammals, such as primate and rodent. The present study was designed to obtain a basic understanding of the radia tion effects on the Suncus murinus as one of the newly available insectivore among laboratory animals and also to determine whether this animal suffers from the radiation-induced diabetes mellitus recently reported in golden hamster (Mesocricetus auratus)4-s>
MATERIALS AND METHODS
Suncus murinus males, aged 3 months and weighing 50-70 g, were used. They were bred from wild Suncus murinus which had been caught in both Naga saki Prefecture and Tokunoshima Island in Okinawa Prefecture, Japan 2-3). The animals were given an ad libitum diet of puppy food (Nihonhaigoshiryo Co., Ltd., Yokohama, Japan) and water, with a weekly meat supplement of minced chicken head (Nihonhaigoshiryo Co., Ltd.). They were housed individually in plastic cages with a wooden box for their shelter. Male C3H/He mice aged 3-4 months and weighing 25-35 g, fed ad libitum on a standard diet of pellets and water, were also used for comparison with Suncus murinus. Their room tempera ture was maintained at 24 ± 3°C.
Whole-body irradiation Animals were put into individual small plastic restrainers so as to be at a fixed distance from the source without disturbing their motion. They were exposed dorso-ventrally to x-irradiation using Toshiba X-ray generator, operated at 200 KVp and 20 mA thorugh a filter of 0.5 mmAl and 0.5 mmCu (H.V.L. 1.13 mmCu) at dose rate 81 R/min in the dose range of 500 to 3,000 rad, 403 R/min in 10,000 to 50,000 rad. Doses were measured in a Victoreen ionizing chamber. The conversion factor from roentgen to rad was 0.93.
Observation of animals
Animals irradiated with whole-body exposure were maintained for 30 days after irradiation. They were checked three times daily for the longer survival groups irradiated with lethal doses and every 5 min for the groups irradiated with supralethal doses. All animals were autopsied and some were fixed in Bouin's solution or 10 percent formalin for histological observation.
Determination of epithelial cell transit time by radioautography
Some unirradiated animals were used to determine the transit time of the epithelial cells along the villus wall of the small intestine. Each animals was injected with 0.5 gCi of tritiated thymidine (specific activity 5 Ci/mM) per gram body weight intraperitoneally.
The injected animals were sacrificed at various intervals after administration of tritiated thymidine to permit the migra tion of labelled cells in the intestinal mucosa.
At autopsy, intestinal segments, about 1 cm in longitudinal length were obtained from the following five different portions: site 1 (duodenum), the duodenopyloric border: site 2 (jejunum), one-fourth the distance from the pylorus; site 3 (ileum), one-half the distance from the pylorus; site 4 (colon), three-fourths the distance from the pylorus; and site 5 (rectum), the anus border, respectively. They were fixed in Bouin's solution, and embedded in paraffin. The blocks were sectioned at 5 µm thickness, and one slide from each block was stained with Mayer's hematoxylin and eosin, while two additional slides were coated with nuclear track emulsion NT-B2 (Kodak Company Ltd.) by dipping method. The radioautographs were developed with Rendol (Fuji Company Ltd.) after 2 weeks of exposure, and stained with hematoxylin and eosin.
Transit time was defined as the migration time of the epithelial cells traversed from crypt-villus junction to villus tip. This was obtained by the leading labelled cell position on the villus wall in the radioautography, which was expressed by labelled villus height with distance (µm) from the the base of the villus toward the villus top.
RESULTS

Survival time
The dose-survival time response curve and survival times are shown in Fig. 1 and Table 1 , respectively. The relationship between survival time and X-ray dose may be classified into the following three different segments, each distinctive dose-response characteristics: (1) 700-1,000 rad, (2) 1,200-10,000 rad, and (3) 20,000-50,000 rad. (1) First segment (700-1,000 rad) In he first dose range the mean survival time was nearly constant in the dose range of 700-800 rad, and then decreased from 1,000 to 1,200 rad, whereas in the first segment of the C3H/He mice ( Fig. 2 and Table 2 ) it decreased grad ually toward the second segment of the plateau phase (GI segment). Animals generally died of the bone marrow syndrome, but they succumbed with delayed GI syndrome after 1,000 rad. Thus, the first segment involves mainly the bone marrow syndrome but is partly associated with the delayed GI syndrome by higher doses.
The LD50/30 was 736 ± 30 rad, whereas that of C3H/He mice was 547 ± 15 rad, indicating Suncus murinus is fairly radioresistant to bone marrow injury (Fig. 3) . rad) With increasing dose in this segment, the mean survival time rapidly decreased from 68 (20,000 rad) to 3.6 (50,000 rad) hr. The so-called central nervous system (CNS) syndrome was manifested in this segment. Animals given 20,000 rad revealed slight neuromotor impairment, sometimes rolling or walking in circles and kicking. In spite of this symptom, three of ten animals survived 4 days more, but showed severe diarrhea. Therefore, in this dose, their deaths can be further 
Weight loss
The dose-weight loss responses of Suncus murinus after irradiation are shown in Fig. 4 and Table 3 , respectively.
The bone marrow syndrome is characterized by the least body weight loss, about 2% per day, among the three syndromes. The GI syndrome showed nearly constant body weight loss, 4.4-5.5% per day, in the dose range of 1,200-10,000 rad in accord with the constant survival time. The CNS syndrome can be char acterized by the most severe weight loss with increasing doses from 9.6-80% per day (0.4-3.3% per hr) in the dose range of 20,000-50,000 rad. If the weight loss were inversed, the dose-weight loss response curve can be nearly superimposed onto the dose-survival time response curve.
Transit time of epithelial cells along villus wall
About 12 hr after 3H-thymidine injection, labelled cells appeared on the villus base, and then migrated toward the upper villus. In spite of a great difference in villus height, these cells reached the villus tip about 58-66 hr in all the sites of the intestine (Fig. 5 and Fig. 6 ). Thus, the transit time of the epithelial cells along the villus wall was approximated as 46-54 hr. Only 3 sites (duodenum, ileum and rectum) were shown in this figure to avoid confusion, because of roughly the same epithelial cell transit times in 5 sites in spite of a great dif ference in villus height in five regions of the intestine.
DISCUSSION
Acute somatic radiation injury in mammals has been investigated using mostly rodents4 ' 7-9) . In a few studies, monkeys were employed9-'° . Recent progress in laboratory animal research has made it easy to use one of the handy insectivora, Suncus murinus, which is located at the base of the mammals in genealogical tree of the animal kingdom and is anticipated to possess the some prototypic characteristics of diverse orders of mammals, such as primates and rodents.
The present data indicated that the overall response of acute somatic radia tion injuries was almost the same as those of mice and rat, except for some radio resistance for the bone marrow and a little resistance for CNS syndromes , re spectively. Some other specific syndromes such as diabetic syndrome, which was earlier reported in the golden hamsters), were not detected. However , as com pared to C3H/He mice, the relatively short latent period and high LD50/30 are characteristic of the bone marrow segment of the Suncus murinus (Fig. 3) . This is presumably because of platelet depletion, and low modifying factor, such as secondary infectious disease caused by bacterial flora. In contrast, this is the case in C3H/He mice, where they suffer from infectious disease leading to death in spite of moderate platelet depletion under conventional conditions. Despite the difference of the hematopoieses between these species, that is, the hematopoieses in both the bone marrow and spleen can be observed in the adult Suncus murinus11). Thus this species might be useful in the study of the bone marrow syndrome since other environmental factors, such as infection can be avoided.
In respect to the GI injury, Suncus murinus does not possess "large intestinal mucosa", and the intestine show crypt-villus organization from duodenopyloric junction to anus 12). Thus, it is of interesting to ascertain whether the transit time of the epithelial cell of this species exactly relates to the latent period of the typical GI death as observed in rodents, where they all have large intestine of which turnover of epithelial cells (about 5 days in mice"-")) is much longer than in the small intestinal epithelium (2.5 days in mice'). In rodents the latent period As shown in Fig. 7 , the transit time of th epithelial cell and the latent period of GI death of this species showed a rather good correlation with those obtained in rodents. The results obtained with this species seem to suggest that irrespective of the possession of large intestine, the relation with the epithelial cell transit time and the survival time of GI syndrome in rodent (with a factor of 2) also can be applicable to other mammals such as insectivore, and primate including man.
As for the CNS syndrome, Suncus murinus is almost comparable to that of mice'-8), mongolian gerbil"), but it is fairly resistant compared to Maccus rhesus monkey9).
In respect to the body weight loss and survival time ( Fig. 1 and Fig. 4) , the clear correspondence of the two is quite interesting. Although it is difficult to demonstrate a causal relationship, it is important to note that the dose-weight loss curve corresponds directly with dose required to initiate each syndrome involved.
